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1
WAVEGUIDE PHOTODETECTOR AND
FORMING METHOD THEREOF

This application is a national stage application of PCT
Application No. PCT/CN2011/084418, filed on Dec. 22,
2011, which claims the benefit of U.S. Provisional Applica-
tion No. 61/426,402, entitled “Germanium-loaded silicon
waveguide photodetector and the way of making,” by Bing Li,
and filed on Dec. 22, 2010, the entire content of which is
incorporated herein by reference.

TECHNICAL FIELD

The disclosure relates to optoelectronic devices and, more
particularly, to waveguide photodetectors that convert optical
signals into electrical signals.

BACKGROUND

In optical communication systems, optical waveguides
provide a transmission channel for guiding an optical signal
produced by a light source, e.g., a laser, at one end of the
system to a detector, e.g., a photodetector, at the other end of
the system. The photodetector material, an active region,
absorbs energy from the photons of the transmitted optical
signal, which, in response, excites charge carriers, e.g., elec-
trons and holes. With the application of a reverse bias voltage,
the excited charge carriers are attracted to contacts on the
photodetector, thereby creating an electrical current that cor-
responds to the optical signal. In this manner, the photode-
tector converts an optical signal into an electrical signal.

Many optical communication systems utilize long-wave-
length optical signals, e.g., 1310 nanometers (nm). Because
silicon does not respond to long-wavelength signals, other
materials, e.g., germanium, need to be added to the photode-
tector. For example, due to its potential for being grown on top
of silicon, germanium is an appropriate choice for a photo-
detector if a monolithically integrated photodetector and sili-
con-on-insulator (“SOI”) photonic device is needed.

The lattice constant refers to the distance between unit cells
in a crystal lattice. The lattice constant of the germanium is
not perfectly matched with the lattice constant of silicon; the
lattice constant of germanium is slightly larger than that of
silicon. The mismatch between the lattice constants of ger-
manium and silicon presents problems for using regular epi-
taxial growth (“EPI”) technique for growing crystals. Cur-
rently, two main methods have been heavily studied to make
single crystal germanium film on top of'silicon substrates: 1)
using a buffer layer and post-process after selective epitaxial
growth (“SEG”), and 2) using the rapid melt growth (“RMG”)
technique. Between these two methods, RMG has better pro-
cess compatibility but has a limitation on the structures that
can be constructed.

In the buffer layer technique, a thin layer of amorphous
germanium is deposited onto the silicon. Although the ger-
manium layer created using the buffer layer technique may be
thicker than the layer created using other techniques, the
resulting germanium layer has defects because the initial
crystal layer was not initially perfect. Defects in the photo-
detector are undesirable because the defects function as
impurities inside the crystal materials that can generate free
carriers and cause leakage current even when no light is
present. The leakage current may cause noise and false sig-
nals.

In the RMG technique, germanium is not grown directly on
top of the silicon. Instead, poly-germanium is deposited and
then a silicon-dioxide coating is applied that surrounds the
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poly-germanium. The main issue with using RMG to make a
waveguide photodetector stems from the nature of the RMG
method itself. The RMG method requires a micro-furnace
formed by the silicon-dioxide coating surrounding the depos-
ited poly-germanium. Silicon-dioxide is a low index material,
which makes it difficult to couple the light into the resulting
high index single crystal germanium. A significant amount of
photons are refracted due to the difference in the two indices,
resulting in energy not being coupled to the photodetector.
The coupling problem can be seen in prior efforts that use the
RMG method to integrate germanium with silicon for optical
devices, e.g., FIG. 1F in U.S. Pat. No. 7,418,166.

SUMMARY

In general, this disclosure describes a germanium-loaded
silicon waveguide photodetector and a method of making
such a waveguide photodetector. In particular, this disclosure
describes a modified Rapid Melt Growth technique for creat-
ing a waveguide photodetector that provides a very small
germanium seed coupled directly to a portion of the bulk
silicon of a silicon wafer. By providing a very small germa-
nium seed coupled directly to the silicon, fewer defects are
created in the germanium after the germanium seed has crys-
tallized, thereby improving the leakage current characteris-
tics of the resulting waveguide photodetector.

In one embodiment, this disclosure is directed to a method
of forming a waveguide photodetector. The method com-
prises forming a waveguide on a substrate, depositing a first
oxide coating over the waveguide and on the substrate, cre-
ating a seed window through the first oxide coating to a bulk
silicon layer of the substrate, depositing a photodetector
material into the seed window and on top of the first oxide
coating over the waveguide, depositing a second oxide coat-
ing over the photodetector material and over the first oxide
coating deposited over the waveguide and on the substrate,
and applying thermal energy to liquefy the photodetector
material. The method further includes cooling the photode-
tector material to begin crystallization, and then depositing a
poly-silicon layer on top of the waveguide.

In another embodiment, this disclosure is directed to a
waveguide photodetector comprising a first channel
waveguide extending a first length along a substrate and a
second channel waveguide extending a second length along
the substrate, wherein the second channel waveguide has a
first portion, a second portion, a top region, a first side region,
and a second side region, and wherein the first channel
waveguide and the second channel waveguide are physically
separated from one another by a gap. The waveguide photo-
detector further comprises a waveguide film disposed over a
portion of the first channel waveguide, the first portion of
second channel waveguide, and the gap. The waveguide pho-
todetector further comprises a photodetector material dis-
posed over the top region, the first side region, and the second
side region of the second portion of the second channel
waveguide, wherein the photodetector material forms a ridge.
The waveguide photodetector further comprises a dielectric
film disposed between the second portion of the second chan-
nel waveguide and the photodetector material.

In another embodiment, this disclosure is directed to a
waveguide photodetector comprising a first channel
waveguide extending a first length along a substrate and a
second channel waveguide extending a second length along
the substrate, wherein the second channel waveguide has a
first portion, a second portion, a top region, a first side region,
and a second side region, and wherein the first channel
waveguide and the second channel waveguide are physically
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separated from one another by a gap. The waveguide photo-
detector further comprises a waveguide film disposed over a
portion of the first channel waveguide, the first portion of
second channel waveguide, and the gap. The waveguide pho-
todetector further comprises a photodetector material that is
disposed over the top region but is not adjacent the first side
region or the second side region of the second portion of the
second channel waveguide, wherein the photodetector mate-
rial forms a slab. The waveguide photodetector further com-
prises a dielectric film disposed between the second portion
of'the second channel waveguide and the photodetector mate-
rial.

The details of one or more aspects of the disclosure are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages will be appar-
ent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of a top view depicting one
example configuration of a waveguide photodetector in
accordance with this disclosure.

FIG. 2 is a cross-sectional view taken along line 2-2 of the
waveguide photodetector depicted in FIG. 1.

FIG. 3 is a cross-sectional view taken along line 3-3 of the
waveguide photodetector depicted in FIG. 1.

FIG. 41is across-sectional view taken along line 3-3 of FI1G.
1 of another example waveguide photodetector configuration.

FIGS. 5A-5B are simplified diagrams depicting a wave
propagation pattern using the waveguide photodetector
depicted in FIG. 3.

FIG. 6 is a simplified diagram depicting a wave propaga-
tion pattern using the waveguide photodetector depicted in
FIG. 4.

FIGS. 7A-7C depict side views of various structures illus-
trating an example method of making a waveguide photode-
tector in accordance with this disclosure.

FIG. 8 is a flow diagram illustrating an example method of
making a waveguide photodetector in accordance with this
disclosure.

DETAILED DESCRIPTION

This disclosure describes a modified Rapid Melt Growth
technique for creating a waveguide photodetector that pro-
vides a very small germanium seed coupled directly to a
portion of the bulk silicon of a silicon wafer. By providing a
very small germanium seed coupled directly to the silicon,
fewer defects are created in the germanium after the germa-
nium seed has crystallized, thereby improving the leakage
current characteristics of the resulting waveguide photode-
tector.

FIG. 1 is a schematic diagram of a top view depicting one
example configuration of a waveguide photodetector in
accordance with this disclosure. The waveguide photodetec-
tor, shown generally at 10, provides a transmission channel
for guiding an optical signal produced by a light source, e.g.,
a laser, at one end of an optical communication system (not
shown) to a detector, e.g., a photodetector, at the other end of
the system. The photodetector, shown generally at 12, and, in
particular, the germanium, absorbs photons from the trans-
mitted optical signal, which, in response, excites charge car-
riers, e.g., electrons and holes. With the application of a
reverse bias voltage applied across contacts 14A, 14B, the
excited charge carriers are attracted to the contacts on the
photodetector, thereby creating an electrical current that cor-
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responds to the optical signal. In this manner, waveguide
photodetector 10 converts an optical signal into an electrical
signal.

Incoming lightwave 16, e.g., an optical signal, is fed
through silicon channel waveguide 18, having length [.1, on
the left-hand side of waveguide photodetector 10 of FIG. 1. In
one example configuration, from left to right in FIG. 1, a
portion of first silicon channel waveguide 18 is laterally
tapered from first end 20 to second end 22 such that its width
W3 is gradually reduced, e.g., to the smallest size allowed in
the fabrication process, or almost zero at second end 22. The
tapered portion of waveguide 18 has length L.3. Another sili-
con channel waveguide is depicted in FIG. 1, namely second
silicon channel waveguide 24 having length 1.2, includes first
portion 26, second portion 28, and third portion 30. In some
example configurations, a portion of silicon channel
waveguide 24 is laterally tapered from first end 32 to second
end 34 such that its width gradually increases from a width of
almost zero at first end 32 to a width W1 at second 34. The
tapered portion of waveguide 24 has length [ 4.

Inaccordance with this disclosure, a gap is created between
silicon channel waveguide 18 and silicon channel waveguide
24, namely gap 36. In other words, the two silicon channel
waveguides 18, 24 are physically separated by gap 36. In one
example, gap 36 is filled by field oxide, e.g., silicon dioxide or
other suitable dielectrics. Gap 36 is important to the fabrica-
tion process of the waveguide photodetector, which is
described in more detail below with respect to FIGS. 7A-7C.
Gap 36 helps form the micro-furnace required by the RMG
method by sealing the micro-furnace required by the RMG
fabrication method. If, instead of including a gap between the
silicon channel waveguides using the techniques of this dis-
closure, the two silicon channel waveguides 18, 24 were
connected directly, the micro-furnace required by the RMG
method would not be sealed well and silicon channel
waveguide 24 would become a cooling path other than that
provided by the seed window. The cooling path via silicon
channel waveguide 24 creates an unwanted cooling spot that
may negatively affect the single crystal formation during the
rapid-melting-and-cooling process. By preventing heat from
propagating outward via such a cooling path, the techniques
of this disclosure improve the single crystal formation,
thereby resulting in fewer defects in the germanium material.

Referring still to FIG. 1, because gap 36 exists between
channel waveguide 18 and channel waveguide 24, lightwave
16 will not propagate directly between the two waveguides.
To bridge gap 36 and allow lightwave 16 to propagate from
channel waveguide 18 to channel waveguide 24 (and then to
the germanium-encapsulated active region of photodetector
12), waveguide photodetector 10 of FIG. 1 includes poly-
silicon film waveguide 38 (also referred to as “waveguide
film”) deposited on top of a portion of each of silicon channel
waveguides 18, 24. Poly-silicon film waveguide 38 is etched
to create a pair of lateral tapers with the size-varying direction
reversed with respect to the silicon channel waveguide taper
underneath. In other words, as the width of channel
waveguide 18 decreases, the width of poly-silicon film
waveguide 38 increases. Similarly, as the width of channel
waveguide 24 increases, the width of poly-silicon film
waveguide 38 decreases. Waveguide film 38 is disposed over
a portion of first channel waveguide 18, first portion 26 of
second channel waveguide 24, and gap 36.

As seen in the example configuration depicted in FIG. 1,
waveguide film 38 may be substantially horizontal across gap
36 such that the width of poly-silicon film waveguide 38
remains substantially constant across gap 36. That is, from
left to right in FIG. 1, the width of poly-silicon film
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waveguide 38 may increase until gap 36, remain substantially
constant across gap 36, and then the width of poly-silicon film
waveguide 38 may decrease after gap 36. Other example
configurations are possible, however, and are within the scope
of this disclosure.

As the width of silicon channel waveguide 18 decreases,
lightwave 16 gradually migrates into poly-silicon film
waveguide 38 via adiabatic mode conversion and crosses gap
36. After crossing gap 36, the width of poly-silicon film
waveguide 38 decreases and the light from lightwave 16
gradually migrates into silicon channel waveguide 24. Light-
wave 16 finally propagates into germanium encapsulated
active region 40 of photodetector 12 via silicon channel
waveguide 24 and is converted to an electrical signal.

As seen in FIG. 1, silicon channel waveguide 24 continues
to extend to the right of poly-silicon film waveguide 38 and
under single crystal germanium film 42 deposited using the
modified RMG method described in this disclosure. It should
be noted that, in accordance with the modified RMG method
described in this disclosure, a thin oxide film is deposited
between the germanium film and silicon channel waveguide
24, as shown in more detail in FIG. 3. Depositing the thin
oxide film prevents the crystallization of germanium from
starting from this part of the silicon during fabrication of
waveguide photodetector 10. In some example configura-
tions, second channel waveguide 24 further includes third
portion 30, and neither waveguide film 38 nor photodetector
material 42 is disposed over third portion 30.

Photodetector 12 includes P-type doping region 44, N-type
doping region 46, and intrinsic region 48 (defined by the
region between the two lines of small circles in FIG. 1),
thereby forming a PIN diode. Photodetector 12 further
includes one or more contacts 14A and one or more contacts
14B. With the application of a reverse bias voltage applied
across contacts 14A, 14B, the excited charge carriers are
attracted to the contacts on the photodetector, thereby creat-
ing an electrical current that corresponds to the optical signal.
In this manner, waveguide photodetector 10 converts an opti-
cal signal into an electrical signal.

As seen in FIG. 1, the width of silicon channel waveguide
24 decreases from W1 to W2 underneath germanium film 42.
That is, the width of silicon channel waveguide 24 underneath
germanium film 42 decreases from first end 50 to second end
52 with the width being greater at the first end than the second
end. It should be noted that the width change of silicon chan-
nel waveguide 24 from W1 to W2 underneath the germanium
film shown in FIG. 1 is optional. Decreasing the width of
silicon channel waveguide 24 from W1 to W2 can enhance the
leaky mode coupling from silicon to germanium. In some
example configurations, however, the width of silicon chan-
nel waveguide 24 underneath the germanium film is not
changed, i.e. W1=W2.

FIG. 2 is a cross-sectional view taken along line 2-2 of the
waveguide photodetector depicted in FIG. 1. In particular,
FIG. 2 shows the vertical relationship between silicon chan-
nel waveguide 18 and poly-silicon film waveguide 38. Start-
ing at the bottom, FIG. 2 depicts bulk silicon layer 54, buried
oxide layer 56, silicon channel waveguide 18 between sili-
con-dioxide portions 58A, 58B, and poly-silicon film
waveguide 38 on top of silicon channel waveguide 18.

FIG. 3 is a cross-sectional view taken along line 3-3 of the
waveguide photodetector depicted in FIG. 1. In particular,
FIG. 3 depicts the relationship between germanium film 42
and silicon channel waveguide 24. As seen in FIG. 3, germa-
nium film 42 encapsulates silicon channel waveguide 24 (a
center silicon rib), and thin oxide film 60 (a thin dielectric
film) is disposed between germanium film 42 and silicon
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6

channel waveguide 24. That is, dielectric film 60 is disposed
between second portion 28 of second channel waveguide 24
and germanium film photodetector material 42. The germa-
nium film photodetector material 42 encapsulates silicon
channel waveguide 24 by surrounding three sides of silicon
channel waveguide 24. That is, germanium film 42 is dis-
posed over top region 62, first side region 64, and second side
region 66. Germanium film 42 forms a ridge, shown generally
at 68. The combination of germanium film 42 and encapsu-
lated silicon channel waveguide 24 is referred to in this dis-
closure as a “dual-stack ridge waveguide,” in contrast to the
slab-loaded waveguide described below with respect to FIG.
4. At the beginning of the germanium photodetector area, i.e.,
the leftmost portion of photodetector 12 in FIG. 1, the center
silicon rib is at its widest so that its waveguide mode is more
confined in silicon. Along the waveguide direction (from left
to right), the width of the rib decreases and more light leaks
into the germanium film, as shown and described in more
detail with respect to FIG. 5. The structure shown in FIG. 3
may also be referred to in this disclosure as a germanium
encapsulated silicon waveguide photodetector.

The waveguide photodetector techniques described in this
disclosure solve the coupling issues from the silicon channel
waveguide to the germanium material that has to be isolated
by oxide during the RMG process. Using the techniques of
this disclosure, coupling is achieved via leaky mode coupling.
That is, the guiding mode in the feed-in silicon channel
waveguide 24, which later becomes the center silicon rib
encapsulated by the loaded germanium, leaks into the germa-
nium film. As a result of the absorption of the photon energy
by the germanium, the coupling occurs continuously from
silicon to germanium along the waveguide. It should be noted
that the coupling is advantageously wavelength insensitive.

FIG. 4 is across-sectional view taken alongline 3-3 of FIG.
1 of another example waveguide photodetector configuration.
In particular, FIG. 4 depicts the relationship between germa-
nium film 42 and silicon channel waveguide 24. In contrast to
the configuration depicted in FIG. 3, germanium film 42
loaded on top of center silicon rib 24 (with a thin oxide
coating) has a shape of a slab. Note that germanium film 42 in
FIG. 4 does not encapsulate silicon channel waveguide 24, as
in FIG. 3, because germanium film 42 is located only above
top side 62 of silicon channel waveguide 24. That is, germa-
nium film 42, or photodetector material, is disposed over top
region 62 but is not adjacent the first side region or the second
side region of second portion 28 of second channel waveguide
24. The combination of the slab of germanium film 42 and
silicon channel waveguide 24 is referred to in this disclosure
as a “slab-loaded waveguide.” The structure shown in FIG. 4
may also be referred to in this disclosure as a germanium slab
loaded silicon waveguide photodetector.

The intrinsic region of the structure shown in FIG. 4 (not
depicted) may be narrower than the intrinsic region of the
structure shown in FIG. 3 because the intrinsic region need
only be above the silicon rib of waveguide channel 24. A
narrower intrinsic region results in shorter carrier transit
times to contacts 14A, 14B. Thus, the configuration shown in
FIG. 4 may have faster response times than the structure
shown in FIG. 3. In addition, the structure shown in FIG. 4
may be easier to fabricate because of its flat slab feature. For
example, during fabrication, it is easier to place contacts on a
flat surface. However, the structure shown in FIG. 3 may be
more efficient than the structure shown in FIG. 4.

FIGS. 5A-5B are simplified diagrams depicting a wave
propagation pattern using the waveguide photodetector
depicted in FIG. 3. In particular, FIG. 5A is a simplified
diagram depicting a wave propagation pattern, in Y and Z
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coordinates with units of measure in micrometers, from a side
view of the portion of the waveguide photodetector depicted
in FIG. 3. Line 72 in FIG. 5A represents the leftmost portion
of photodetector 12 in FIG. 1. To the left of line 72, silicon
channel waveguide 24 is not encapsulated by germanium and
to the right of line 72, silicon channel waveguide 24 is encap-
sulated by germanium. As seen in FIG. 5A, the energy is
mostly confined within silicon channel waveguide 24 to the
left of line 72. But, once the light enters into the area in which
silicon channel waveguide 24 is encapsulated by germanium,
the photon energy starts to couple into the top-side germa-
nium film and as the light propagates, the energy becomes
weaker and weaker due to the absorption of the photon energy
by the germanium.

FIG. 5B is a simplified diagram depicting one of the wave
propagation mode profiles of the germanium encapsulated
silicon waveguide (the waveguide photodetector), in X andY
coordinates, from a front view of the portion of the waveguide
photodetector depicted in FIG. 3. The black outline 82 corre-
sponds to the outline of germanium and silicon shown and
described above with respect to FIG. 3. The mode profile of
FIG. 5B shows a large amount of energy inside the germa-
nium.

FIG. 6 is a simplified diagram depicting a wave propaga-
tion pattern, in Y and Z coordinates with units of measure in
micrometers, from a side view of the portion of the waveguide
photodetector depicted in FIG. 4. Line 72 in FIG. 6 represents
the leftmost portion of photodetector 12 in FIG. 1. To the left
of line 72, silicon channel waveguide 24 is not loaded by
germanium and to the right of line 72, silicon channel
waveguide 24 is loaded by germanium. As seen in FIG. 6, the
energy is confined within silicon channel waveguide 24 to the
left of line 72. But, once the light enters into the area in which
silicon channel waveguide 24 is loaded by the slab of germa-
nium, the photon energy quickly couples into the top-side
slab of germanium film. As the light propagates, the energy
quickly becomes weaker due to the absorption of the photon
energy by the germanium.

FIGS. 7A-7C depict side views of various structures illus-
trating an example method of making a waveguide photode-
tector in accordance with this disclosure. FIG. 7A depicts a
side view of a starting substrate structure comprising bulk
silicon 54, buried oxide 56 (e.g., silicon dioxide) on top of
bulk silicon 54, and silicon channel waveguide 24 on top of
buried oxide 56. In other words, silicon channel waveguide 24
is formed on a substrate comprising buried oxide 56 on top of
bulk silicon 54. Silicon waveguide 24 is surrounded on the
sides by field oxide 61, e.g., silicon dioxide. In addition, the
filling of gap 36 is field oxide. Thin oxide coating 60 is
deposited over silicon waveguide 24. As indicated above, gap
36 is critical to the fabrication process of the waveguide
photodetector. Gap 36 helps form the micro-furnace required
by the RMG method by sealing the micro-furnace required by
the RMG fabrication method. Without gap 36, heat is allowed
to dissipate along the silicon waveguide, which results in the
RMG forming a poor single crystal or no single crystal. The
techniques of this disclosure improve the single crystal for-
mation, thereby resulting in fewer defects in the germanium
material.

FIG. 7B depicts a side view of the starting structure shown
in FIG. 7A after the deposition of poly-germanium film 42.
First, seed window 74, e.g., a small hole or slot, is created,
e.g., via etching or other suitable technique, through field
oxide 61 and buried oxide 56. Next, poly-germanium 42 is
deposited in seed window 74 and onto thin oxide coating 60
over silicon channel waveguide 24 and a portion of field oxide
61. As seen in FIG. 7B, only a small portion 76 of poly-
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germanium film 42 is adjacent to bulk silicon 54. Seed win-
dow 74 is separated from silicon channel waveguide 24 viaa
portion of field oxide 61. In some examples, seed window 74
is on the back side and at the end of photodetector 12. There-
fore, the seed structure will not affect the operation of the
waveguide detector.

FIG. 7C depicts a side view of the structure shown in FIG.
7B after deposition of thick oxide layer 78, e.g., silicon diox-
ide. Second oxide layer 78 is thicker than the first oxide layer,
i.e., field oxide layer 61. As seen in FIG. 7C, with the excep-
tion of the small portion 76 of poly-germanium film 42 adja-
cent to bulk silicon 54, poly-germanium film 42 is completely
surrounded by silicon dioxide, thereby forming the micro-
furnace required for the RMG method. It should be noted in
the existing RMG method, the micro-furnace encloses only
the deposited germanium. In the modified RMG method
described in this disclosure, however, the micro-furnace
formed by the thermal insulating dielectrics encloses not only
the deposited germanium but also silicon channel waveguide
24.

The structure shown in FIG. 7C is placed in a furnace at a
temperature and thermal energy is applied that liquefies the
germanium while keeping the silicon solid. Then, the struc-
ture is quickly cooled down, with the outside silicon cooled
first. The heat from the liquefied germanium propagates to the
outside silicon through seed window 74. The small portion 76
of liquefied germanium 42 adjacent to bulk silicon 54 begins
to cool down first. Then, the cooling gradually propagates
through the germanium to the portions of the germanium that
are located away from portion 76. The germanium adjacent
portion 76 becomes the seed for crystallization and the crys-
tals in the germanium grow out from that point. Gap 36 helps
form the micro-furnace required by the RMG method by
sealing the micro-furnace.

After the modified RMG process described above is com-
plete and the crystallized germanium has formed, a poly-
silicon layer is deposited on top of silicon channel
waveguides 18, 24, thereby forming poly-silicon film
waveguide 38 (FIGS. 1 and 2). Poly-silicon has a large ther-
mal conductivity value. By waiting until after crystal forma-
tion to deposit the poly-silicon, an unwanted cooling path is
prevented. It should be noted that the method described with
respectto FIGS. 7A-7C further includes an implant process to
form the P-type, N-type, and intrinsic regions needed by the
photodetector.

The implant process may include a Rapid Thermal Anneal-
ing (RTA) process. Because the RTA process affects the
RMG, implants may be necessary. The thermal process of the
RMG (heat than cool) may have to wait and proceed in con-
junction with the RTA.

In contrast to the existing RMG and integration processes,
the isolated center silicon rib is also encapsulated inside the
micro-furnace. The isolated center silicon rib functions as the
lightwave feed-in waveguide in the later detecting operation.
Due to the fact the silicon rib is thermally isolated by the
oxide as a result of the oxide in gap 36, the silicon rib will not
affect the temperature gradient required by the RMG process,
which requires that the cooling start from the root of the seed
window where it is exposed to the bulk silicon of the wafer.

FIG. 8 is a flow diagram illustrating an example method of
making a waveguide photodetector in accordance with this
disclosure. In the example method, a waveguide, e.g., second
waveguide 24 of FIG. 1, is formed on a substrate, e.g., a SOI
substrate comprising buried oxide 56 on top of bulk silicon 54
of FIG. 7A (100). Next, a first oxide coating, e.g., thin oxide
coating 60 of FIG. 7A, is deposited over the waveguide, e.g.,
waveguide 24, and on the SOI substrate (102). A seed win-
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dow, e.g., seed window 74 of FIG. 7B, is created through the
first oxide coating to the bulk silicon layer of the SOI sub-
strate (104). A photodetector material, e.g., germanium film
42 of FIG. 7B, is deposited into the seed window and on top
of'the first oxide coating over the waveguide (106). A second
oxide coating, e.g., thick oxide layer 78 of FIG. 7C, is depos-
ited over the photodetector material and over the first oxide
coating deposited over the waveguide and on the SOI sub-
strate (108). Then, thermal energy is applied to the structure
to liquefy the photodetector material (110). As described
above with respect to FIG. 7C, the structure is cooled down
quickly in order to begin crystallizing the germanium. After
the structure is cooled down, a poly-silicon layer is deposited
on top of silicon channel waveguides 18, 24, thereby forming
poly-silicon film waveguide 38 (FIGS. 1 and 2).

Various aspects of the disclosure have been described.
These and other aspects are within the scope of the following
claims.

The invention claimed is:

1. A waveguide photodetector comprising:

a first channel waveguide extending a first length along a

substrate;
a second channel waveguide extending a second length
along the substrate,
wherein the second channel waveguide has a first por-
tion, a second portion, a top region, a first side region,
and a second side region, and

wherein the first channel waveguide and the second
channel waveguide are physically separated from one
another by a gap;

a waveguide film disposed over a portion of the first chan-
nel waveguide, the first portion of the second channel
waveguide, and the gap;

a photodetector material disposed over the top region, the
first side region, and the second side region of the second
portion of the second channel waveguide, wherein the
photodetector material forms a ridge encapsulating the
second channel waveguide; and

adielectric film disposed between the second portion of the
second channel waveguide and the photodetector mate-
rial;

the second silicon channel waveguide completely isolated
from the other silicon material of the SOI substrate.

2. The waveguide photodetector of claim 1, wherein the
second channel waveguide further comprises a third portion,
and wherein neither the waveguide film nor the photodetector
material is disposed over the third portion.

3. The waveguide photodetector of claim 2, wherein an
optical signal applied to the first channel waveguide propa-
gates into the first portion of the second channel waveguide
via the waveguide film and then into the second portion of the
second channel waveguide, whereby the optical signal is con-
verted to an electrical signal.

4. The waveguide photodetector of claim 1, wherein the
first channel waveguide has a first end, a second end, and a
width, and wherein the width of the first channel waveguide is
greater at the first end than at the second end.

5. The waveguide photodetector of claim 4, wherein the
second channel waveguide has a first end, a second end, and
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a width, and wherein the width of the second channel 60

waveguide is greater at the second end than at the first end.
6. The waveguide photodetector of claim 5,
wherein the waveguide film has a first end, a middle region
that is disposed over the gap, a second end, and a width,
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wherein the width of the waveguide film is greatest at the
middle region,
wherein the width increases from the first end to the middle
region, and
wherein the width decreases from the middle region to the
second end.
7. A waveguide photodetector comprising:
a first channel waveguide extending a first length along a
substrate;
a second channel waveguide extending a second length
along the substrate,
wherein the second channel waveguide has a first por-
tion, a second portion, a top region, a first side region,
and a second side region, and

wherein the first channel waveguide and the second
channel waveguide are physically separated from one
another by a gap;

a waveguide film disposed over a portion of the first chan-
nel waveguide, the first portion of second channel
waveguide, and the gap;

a photodetector material that is disposed over the top
region but is not adjacent the first side region or the
second side region of the second portion of the second
channel waveguide, wherein the photodetector material
forms a slab loaded over the second channel waveguide;
and

a dielectric film disposed between the second portion of the
second channel waveguide and the photodetector mate-
rial;

the second silicon channel waveguide completely isolated
from the other silicon material of the SOI substrate.

8. The waveguide photodetector of claim 7, wherein the
second channel waveguide further comprises a third portion,
and wherein neither the waveguide film nor the photodetector
material is disposed over the third portion.

9. The waveguide photodetector of claim 8, wherein an
optical signal applied to the first channel waveguide propa-
gates into the first portion of the second channel waveguide
via the waveguide film and then into the second portion of the
second channel waveguide, whereby the optical signal is con-
verted to an electrical signal.

10. The waveguide photodetector of claim 7, wherein the
first channel waveguide has a first end, a second end, and a
width, and wherein the width of the first channel waveguide is
greater at the first end than at the second end.

11. The waveguide photodetector of claim 10, wherein the
second channel waveguide has a first end, a second end, and
a width, and wherein the width of the second channel
waveguide is greater at the second end than at the first end.

12. The waveguide photodetector of claim 11,

wherein the waveguide film has a first end, a middle region
that is disposed over the gap, a second end, and a width,

wherein the width of the waveguide film is greatest at the
middle region,

wherein the width increases from the first end to the middle
region, and

wherein the width decreases from the middle region to the
second end.

13. The waveguide photodetector of claim 11, wherein the
photodetector material is deposited in a seed window at the
end of the waveguide photodetector so as to not affect the
operation of the waveguide photodetector.
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